Objective: To examine the contribution of depressed mood in obese subjects on the prediction of a future coronary heart disease event (CHD). Design: A prospective population-based cohort study of three independent cross-sectional surveys with 6239 subjects, 45-74 years of age and free of diagnosed CHD, stroke and cancer. During a mean follow-up of 7 years, 179 CHD events occurred among men and 50 events among women. Subjects: A total of 737 (23%) male and 773 (26%) female subjects suffering from obesity (BMI X30 kg/m 2 ). Measurements: Body weight determined by trained medical staff following a standardized protocol; standardized questionnaires to assess subsyndromal depressive mood and other psychosocial features. Results: The main effect of obesity to predict a future CHD (hazard ratio, HR ¼ 1.38, 95% CI 1.03-1.84; P ¼ 0.031) and the interaction term of obesity by depression (HR ¼ 1.73, 95% CI 0.98-3.05; P ¼ 0.060) were borderline significant, both covariate adjusted for multiple risk factors. Relative to the male subgroup with normal body weight and no depression, the male obese group with no depression was not at significantly increased risk for CHD events (HR ¼ 1.17, 95% CI 0.76-1.80; P ¼ 0.473) whereas CHD risk in males with both obesity and depressed mood was substantially increased (HR ¼ 2.32, 95% CI 1.45-3.72, P40.0001). The findings for women were similar, however, not significant probably owing to lack of power associated with low event rates. Combining obesity and depressed mood resulted in a relative risk to suffer from a future CHD event of HR 1.84 (95% CI 0.79-4.26; P ¼ 0.158). Conclusions: Depressed mood substantially amplifies the CHD risk of middle-aged obese, but otherwise apparently healthy men. The impact of depression on the obesity risk in women is less pronounced.
Introduction
Obesity is strongly associated with traditional cardiovascular disease risk factors, including high blood pressure and diabetes mellitus, 1 but also with novel risk factors, mainly pro-inflammatory cytokines, 2 which all support the biological plausibility of a strong link between obesity and atherosclerosis. However, epidemiological studies have not consistently corroborated an association between obesity and long-term coronary heart disease (CHD) risks. Recently, Dyer et al. 3 analyzed data from 33 (mainly) population-based long-term follow-up studies and found relationships between body weight and CHD risk, which included direct associations, nonsignificant positive and negative associations, J-and U-shaped associations and one significant inverse association. Methodological problems 3, 4 may contribute to these inconsistencies including failure to control for the confounding effect of cigarette smoking, inappropriate adjustment for risk factors that represent important biological effects of obesity and the inclusion of early CHD events that may not account for a direct relationship between obesity and CHD end points. 3, 5 Additionally, several investigators have proposed undefined confounding risk factors associated with obesity and CHD risk to explain this 'apparent paradox'. 4 Depression may be a possible candidate factor to be considered as a significant effect modifier in the population-based relationship between obesity and CHD risk for two major reasons: depressive mood is an independent behavioral risk factor for subsequent coronary events in apparently healthy subjects. 6, 7 Depressed mood, mainly in adolescents, also increases the risk for subsequent obesity even after controlling for baseline body weight. 8 Although obesity, by itself, does not appear to be systematically associated with psychopathological outcomes, subgroups of obese individuals have been identified who suffer substantially from psychiatric disorders, especially depression.
9-11
Thus, the depression risk may not be equally distributed among obese subjects and, in consequence, may contribute inconsistently to a subsequent CHD risk.
In this study, we sought to identify obese individuals who also suffered from depressed mood and to investigate whether the combination of obesity and depression constitutes a particular 'at risk' population for future CHD events.
Patients and methods

Setting
The presented data were derived from the population-based MONICA (MONItoring trends and determinants in CArdiovascular disease) Augsburg studies (Germany) as part of the multinational WHO MONICA project. 12 Altogether 13 428 persons (6725 men, 6703 women, response 77%) aged 25-74 years, randomly drawn from the general population, participated in at least one of three independent population-based surveys, conducted in 1984/85 (S1), 1989/90 (S2) and 1994/95 (S3). The psychosocial data set followed recommendations given by the MONICA steering committee. 13 In the KORA follow-up study (www.gsf.de/kora), the vital status was assessed for all participants of the three MONICA surveys in 1998. During the observation period, 772 participants (531 men, 241 women) had died. Vital status could not be assessed for 56 persons (31 men, 25 women) who had moved to unknown locations.
Study group
A total of 12 888 subjects with psychosocial data were available. Based on the assumption of a low probability of adverse CHD events, 5417 subjects younger than 45 years were excluded. A total of 823 subjects had missing values on depression status, and body mass index (BMI) data were missing in 50 subjects. Subjects with missing values on depression status were older, more likely to be women, to live alone and had a lower educational level than subjects included into the study (w 2 test, all Po0.001). Furthermore, participants with prevalent CHD or stroke (n ¼ 207) or a history of cancer (n ¼ 128) at baseline were excluded. Also, subjects with a BMIo18.5 kg/m 2 (n ¼ 24) were excluded. Thus, a total of 6239 subjects (3238 men and 3001 women) were included in the present analysis. Of those, 1723 (28%) subjects were from survey S1, 2262 (36%) from S2 and 2253 (36%) from S3.
The cohort of 6,239 subjects in the present analysis was followed for an average of mean 7.1 (4.0 s.d.) years (minimum 0.11 to maximum 13.7 years) (median: 7.8 years, interquartile range (IQR) 6.8 years). During this observational period, 179 coronary events occurred in the male group, of which 94 events were fatal and 85 non-fatal, and 50 events occurred in the female group of which 22 events were fatal and 28 non-fatal.
Risk factor assessment at baseline Body mass index was calculated as weight in kilograms divided by height in square meters. Body height and body weight were determined by trained medical staff following a standardized protocol. According to the recommendations of the WHO, obesity was defined as BMI X30 kg/m 2 . A non-fasting venous blood sample was collected from all participants in a supine resting position. Total serum cholesterol (mg/dl) and high-density lipoprotein cholesterol (HDL-C) were measured by enzymatic methods (CHOD-PAP, Boehringer Mannheim, Germany).
A regular smoker was defined as a subject who currently smoked at least one cigarette per day. Blood pressure was measured on the right arm in a sitting position using a Hawksley random-zero sphygmomanometer adhering to the WHO MONICA protocol. 12 Education level was categorized into 'low' (o12 years of schooling) and 'high' (X12 years of schooling). Alcohol consumption was classified into three categories: nondrinkers (0 g/day), intake of 0.1-39.9 and 440 g/day. To assess physical activity, participants were classified as 'active' during leisure time if they regularly participated in sports and if they were active for at least 1 h per week in summer and winter.
Depressive symptomatology was assessed using a subscale from the von Zerssen affective symptom check list.
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DEpression and EXhaustion subscale (DEEX scale) combines eight items (fatiguability, tiredness, irritability, loss of energy, difficulty in concentrating, inner tension, nervousness, anxiety) ranging from 0 to 3, leading to a Likert-like scoring range of 0-24. Subjects in the top tertile of the depressive symptom distribution were considered as index group for subjects with a depressed mood. Sex-specific cutoff points were applied. 15 Social support was assessed according to the Social Network Index (SNI) initially designed for the Alameda Obesity and depression K-H Ladwig et al county study 16 comprising marital status, contact with friends and relatives, the index of close contacts and activities in groups. The combination of all components allows a comprehensive rating from 1 (low SNI) to 4 (high SNI). Self-perceived health was directly assessed by one interview question with a poor health condition as highest rating. Happiness was assessed with a one-item rating scale ranging from 1 (very happy) to 6 (very unhappy). The instrument was applied in S2 and S3. Sleep complaints were items concerning difficulties initiating sleep (DIS) and difficulties maintaining sleep (DMS) and were adopted from the Uppsala Sleep Inventory. 17 Study end points Study end points were a (non-) fatal acute myocardial infarction and sudden cardiac death. The WHO MONICA diagnostic categories were based on symptoms, cardiac enzymes (creatine kinase, aspatate aminotransferase, lactate dehydrogenase) and typical ECG changes. 12 Cases were identified via the MONICA Augsburg coronary event registry and censored at the 75th year of age. 18 Death certificates were obtained from the local health departments and were coded for the underlying cause of death using the ninth revision of the International Classification of Diseases (ICD-9, 410-414, 798).
Statistical analysis
Means or proportions for baseline demographic and clinical characteristics were computed for the study participants stratified by depressed mood and obesity. Significance of differences in means was tested with F-tests, and significance of differences in proportions was tested by w 2 -test. All tests were performed two sided. The major goal of the present study was to assess possible joint effects of obesity and depressed mood on the prediction of a future fatal and non-fatal coronary event. To this end, we first examined the main single effects of obesity by running crude and adjusted Cox proportional hazard models 19 for both variables with the time to event as the dependent variable and then tested the interaction term of both variables in crude and adjusted models.
The main analysis consisted of proportional hazard models to examine the combined effects of obesity and depression for men and women separately by examining the hazard ratios for all subgroup combinations derived from obesity and the depressed mood group relative to the remaining body weight and non-depressed group. In each model, variables were entered simultaneously. Crude models were adjusted for age and survey (S1, S2, S3). All other models were further adjusted for total cholesterol, cigarette smoking and systolic blood pressure, education, alcohol consumption and physical activity. The assumption of proportionality was assessed by fitting models stratified by risk factor categories, then plotting the log (Àlog (survival)) curves for each risk factor to check parallelism by visual inspection. The assumption of a linear relationship between a continuous variable and the incidence of a coronary event was assessed by univariate Cox proportional hazard models including the variable in simple and square-routed form in the regression equation. The effects of square roots of the continuous variables (age, cholesterol, blood pressure) were not significant, indicating linearity of these variables. P-values for the Cox models were based on Wald statistic. A P-value p0.05 was considered significant. Statistical analyses were performed using SPSS (version 12.0).
Results
Among the total of 3238 men in the present study, a subpopulation of 737 (23%) individuals were identified with manifest obesity. Among 3001 women, a total of 773 (26%) individuals suffered from obesity. In the obese subpopulation, 233 (32%) men and 244 (32%) women were considered to be depressed.
The baseline characteristics of the obese study participants stratified by depression and male sex are shown in Tables 1  and 2 . We compared obese subjects with and without depression and found no statistical differences in CHD risk factors. However, depressed subjects reported a significantly more impaired self-perceived health and a lower level of happiness. Moreover, they suffered significantly more from sleeping disorders. The risk factor distribution in women followed comparable pattern.
We analyzed the main effects of obesity and the interaction term of obesity Â depression on the prediction of a future coronary event as a prerequisite to investigate the major study aim. Obesity was predictive in the crude model, adjusted for age and survey (HR ¼ 1.48, 95% CI 1.12-1.96; Po0.006), and covariate adjusted for multiple risk factors (HR ¼ 1.38, 95% CI 1.03-1.84; P ¼ 0.031). The interaction term of obesity Â depression disclosed a borderline significant interaction effect in the adjusted model after multiple risk factor adjusting (HR ¼ 1, 73, 95% CI 0.98-3.05; P ¼ 0.060). Both findings, the independent ability of obesity to predict a future coronary event and its significant interaction with depression, were considered as basis to look for possible joint effects of both conditions. Figure 1 shows the survival curves of four subgroup combinations derived from two levels of body weight and two levels of depressed mood in men. All findings were adjusted for multiple CHD risk factors.
Relative to the subgroup with normal (and moderately heightened) body weight and no depressed mood (n ¼ 1662 men), non-obese body weight and depressed mood in 839 men (HR ¼ 1.26, 95% CI 0.88-1.80; P ¼ 0.209) entailed no significant results as did the combination of obesity/no depression in 504 men (HR ¼ 1.17, 95% CI 0.76-1.80; P ¼ 0.473). However, when combining obesity and depression in 233 men, the relative risk to suffer from a future 
Discussion
Obesity in adulthood substantially reduces life expectancy 20 and is one of the classical risk factors associated with increased mortality risk from CHD and ischemic stroke. 21 However, some prospective population-based studies failed to confirm the independent influence of obesity on fatal outcomes. [22] [23] [24] [25] [26] [27] Among others, undefined confounding risk factors associated with obesity and CHD risk might account for these inconsistencies. We assumed that negative affectivity, basically depression, may play a crucial role to elucidate the gap between biological plausibility and clinical outcomes of obesity. 
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The major finding of the present study is to show that depression substantially contributes to the risk of a fatal or non-fatal future CHD event in obese, but otherwise apparently healthy subjects, particularly in men. According to the data of the present analysis, subjects with either low depression and obesity or low body weight and depression exhibited comparable event risks. The independent influence of obesity on the incidence of CHD, which has been proven in the present data analysis, attenuated substantially when controlling for depression. In other words, obese subjects who do not suffer from a depressed mood may be better protected against the deleterious effects of obesity.
To the best of our knowledge, this is the first study to elucidate the impact of depression on the long-term course of obesity. Some cross-sectional studies have found a direct relationship between mood and obesity [28] [29] [30] [31] [32] [33] [34] [35] [36] whereas the association was not entirely confirmed or even rejected in other studies pointing to obesity as related to low levels of depression and anxiety. [37] [38] [39] Reasons as to why a depressed mood exerts such an apparently deleterious effect on obese subjects are not known so far. Against expectation, the excess risk of depressed obese subjects cannot be explained by a greater burden of relevant CHD risk factors in the depression group. Any association between depression and coronary events has to be mediated by physiological factors. It is most likely that differences in activation states of the hypothalamicpituitary-adrenal axis 40, 41 or neuro-endocrine overstimulation of CRP or fibrinogen 2,42,43 might yield differences between depressed and non-depressed patients. However, in the present analysis, we did not control for them, as they may be involved as mediating pathways.
Strength and limitations of the study
The strength of the present study is primarily its prospective design, and the cohort based on a random sample of the general population. The sample size allows extensive controlling of confounding variables. However, there are also limitations that need to be addressed. In the present study, a subsyndromal depressive mood was assessed by the DEEX scale, which is among the less rigorous options to assess depressive mood although a recent reexamination of its validity and reliability is promising. 15 Clinically, the DEEX scale identified symptoms of reduced vitality, weakness and 'vital exhaustion' 44 but without a negative self-concept and feelings of guilt feelings, 45 which provides sufficient coverage for all important facets of subsyndromal depressive mood of negative affectivity in the context of cardiovascular medicine. 46, 47 Additionally, depression was measured at one time point, so that transient states of depression could not be distinguished from persistent states. In the present study, the assessment of obesity was based on BMI, which is a surrogate for percent body fat. 48, 49 The inability of BMI to distinguish between subcutaneous and intra-abdominal fat stores may underestimate the neuroimmunological properties of obesity, as the accumulation of intra-abdominal fat in particular is thought to promote endocrine abnormalities. 
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Conclusion
In conclusions, the present study shows that the CHD event risk of middle-aged obese, but otherwise apparently healthy men was substantially amplified by a depressed mood state whereas the CHD risk of obese men without depression corresponds approximately with the risk of non-obese populations after controlling for CHD risk factors.
